It is known that fusion reactions are fueled by deuterium and tritium, which are found easily in wa t e r and are known as unlimited energy resource, would release enormous energy for driving power generat i o n system. The aim of this study is to examine and compare the plant efficiency of power generation syste m s using magnethydrodynamic (MHD) generator, Gas Turbine (GT), Steam Turbine (ST) and Inertial Confi n ement Fusion (ICF) reactor as heat source to generate electrical power. Three systems were conside r e d including the MHD single system, the MHD/GT system and the MHD/ST system, and the highest pla n t efficiency of each system was 61.06%, 58.34% and 60.76% respectively. This result showed that the M H D single system could be expected as the most effective system because of the highest plant efficiency a n d the simplest system. However, it also showed that the plant efficiency decreased with the increase of t h e reactor outlet temperature because of the reactor's blanket limit temperature. For this reason, it was und e rstood that too high a reactor outlet temperature was not desirable. The temperature of 1999K and entha l p y extraction of 33.5% would be most preferable parameters to MHD single syst e m .
Introduction
Given the limitations of the Earth's resources of conventional fuels, scientists have turned their attention toward new energy such as nuclear fusion. It is known that nuclear fusion reactions are a major energy source in stars or sun.
In this process, the nuclei of light elements are fused together at very high temperatures to produce heavier nuclei, releasing energy in the process. An example of such a reaction is when two heavier isotopes of hydrogen, deuterium (D) and tritium (T), combine to produce helium plus neutron. The energy content of such fusion fuels is truly enormous. A thimbleful of deuterium would release as much energy as the combustion of many tons of coal.
Since fusion devices use forms of hydrogen, deuterium and tritium for their fuel, and hydrogen is found in large quantities in the world's oceans, fusion could provide a virtually unlimited source of fuel. Recently, scientists have become excited about an alternative approach to controlled thermonuclear fusion based on inertial confinement. In this approach intense laser or charged particle beams are used to rapidly compress a tiny pellet of deuterium-tritium fuel to tremendous densities and temperatures and ignite a thermonuclear fusion reaction1). Energy released from this process will be transferred to power generation system to generate electrical power. In this study, component of systems included MHD, gas turbine (GT), steam turbine (ST), compressor, heat exchanger, gas cooler and ICF reactor2).
High Temperature Working Gas ICF Reactor Model
It is known that 70% of fusion output energy is carried by neutrons, 20% is carried by X-ray and about 10% by charged particles including alphas and pellet debris3). Xray and charged particles are covered by the first wall, and neutrons that penetrate the first wall will be covered by the blanket, this means 30% of fusion output energy can be obtained from the first wall and 70% can be obtained from the blanket.
The blanket is composed of lithium compounds such as ceramic compounds (Li2O, Li2C2) or aluminum compounds Qrin-CpmTrin (6) where cp is the specific heat, is the mass flux, Tb is the gas temperature in the blanket and Trin is the reactor inlet temperature.
Substituting
Eqs. (5), (6), into Eq. (4) and then rewrite Eq.
(4) in the suitable form (7) Combining Bps. (2), (3) yields (8) The energy balance for the reactor can be expressed by
Qrout=Qrin+Qf or Qf=Qrout-Qrin (9) where Qrout is the reactor output power and can be calcu- To calculate the reactor inlet limit temperature Trinlim i t , substituting Tb=Tblimit into Eq. (12) yields (13) where Tblimit is the blanket limit temperature.
By looking at Eq. (13), it is known that reactor inlet temperature is limited by the reactor outlet temperature and the blanket limit temperature.
Calculation Conditions
The model of power generation system using ICF reactor was calculated by the conditions shows in Table 1 , and the working gas used in this study was helium. The values shown in this table were assumed for illustration purpose only.
Power Generation Systems

MHD Single Power Generation System
High efficiency was expected by using systems with the MHD generator component9)-42) and a model of MHD single only for illustration purpose.
In the model of MHD single system, the working gas, after a non-isentropic compression process (1)- (2), is heated in the heat exchanger to a state (3) and then is heated in the reactor to the maximum cycle temperature Trout during process (3)-(4). The working gas expands through the MHD generator non-isentropically during the process (4)- (5) and after transferring heat in the heat exchanger to a state (6), the working gas is cooled in the gas cooler to the initial temperature 300K. Here, enthalpy extraction (EE) of an MHD generator is defined as the ratio of the MHD electrical out- . 7) ; therefore more energy from the energy driver was needed. This meant that more power was needed (see Fig. 8 ) to supply to the energy driver, and this led to a decrease in plant efficiency (combining to see the electrical power conditioning in Fig. 2 ). For that reason, sometimes even when enthalpy extraction or reactor outlet temperature increased, the plant efficiency still decreased as shown in Fig. 3 . In this study, during all calculations 1000MWe generated from system was always kept constant; therefore the result was as in the above analysis.
MHD/GT Power Generation System
The model of this system is shown in Fig. 9 . Working gas was helium and the value of quantities shown in this figure were calculated when enthalpy extraction 20% only for illustration purpose. In the model of MHD/GT system, the working gas, after a non-isentropic compression process (1)- (2), is heated in the heat exchanger to a state (3) and then expands through the GT generator non-isentropically during the process (3)-(4) Then, the working gas is heated in the reactor to the maximum cycle temperature Trout during process (4)- (5) and expands through the MHD generator non-isentropically during the process (5)-(6) and after transferring heat in the heat exchanger to a state (7), the working gas is cooled in the gas cooler to the initial temperature 300K. The plant efficiency versus the MHD enthalpy extraction and the reactor outlet temperature have been calculated and shown in Fig. 10 . When Trout>2120K or when EE<20%, the gas temperature in the blanket Tb, which was calculated by Eq. (7), was higher than Tblimit. For that reason it is understood that this system could not use Tr o u t higher than 2120K or EE lower than 20%.
As seen in Fig. 10 , the highest plant efficiency was 58.34%
when Trout=2120K and EE=20%. With the increase of reactor outlet temperature, the plant efficiency increased.
This is because the reactor inlet temperature Trin increased with increasing Trout as seen in Fig. 11 . Similar to MHD in Fig. 11 . As a result, the nuclear fusion output power and the energy driver input power increased and this also led to a decrease in plant efficiency (see Figs. 12, 13 and the electrical power conditioning in Fig. 9 ).
MHD/ST Power Generation System
The model of this system is shown in Fig. 14 Fig. 15 ). With the increase of Trout, the plant efficiency decreased. One of these reasons was the same with that of the MHD single system described above. Another reason was that the energy, which could not be changed to electricity at the steam turbine cycle, was released to outside by the condenser (see Fig. 16 ) because of the steam cycle temperature limitation, as a result, the plant efficiency decreased.
6. Conclusions In this study, high efficiency power generation systems using an ICF reactor as heat source were examined and a high temperature working gas model with two-stage heating was considered. By using an MHD generator, a GT generator and a ST generator for ICF reactor generation systems, the following results were obtained.
• The MHD single power generation system reached the highest plant efficiency 61.06% among three systems when reactor outlet temperature 1999K and enthalpy extraction 33.5%. • In the MHD single system , with the increase of the reactor outlet temperature, the plant efficiency decreased. For this reason there is no need for a high outlet temperature more than 2000K.
• Reactor inlet temperature was limited because of the blanket limit temperature. As a result, the output power from the reactor was affected because the cycle of system is closed cycle; therefore the efficiency was affected by.
• The temperature limitation of the blanket of three systems is the same, however, MHD single system obtained the highest efficiency because of its higher reactor inlet temperature. The bottoming cycle of MHD/GT and MHD/ ST combined system decreased the reactor inlet temperature, and this led to the plant efficiency of these systems was lower than that of MHD single system. In summary, the results obtained in this study may provide guidelines for the determination of optimal design and operating conditions of a real MHD power generation system.
